Spontaneous Otoacoustic Emissions in Tinnitus Patients  by Yongbing, Shi & Martin, William
Journal of Otology 2006 Vol. 1 No. 1
Corresponding author: Dr. Shi Yongbing, Department of Oto-
laryngology Head & Neck Surgery, Oregon Health & Science
University, 3181 SW Sam Jackson Park Road, Portland, Oregon
97239, USA. E-mail: shib@ohsu.edu
Original Article
Spontaneous Otoacoustic Emissions in
Tinnitus Patients
SHI Yongbing, William Martin
Department of Otolaryngology Head & Neck Surgery, Oregon Health & Science University,
3181 SW Sam Jackson Park Road, Portland, Oregon 97239, USA
Abstract Otoacoustic emissions (OAEs) are believed to be the products of active cochlear mechanics. They
are generally associated with relatively intact outer hair cell function. OAEs usually decrease or become undetect-
able when hearing loss of cochlear origin exceeds 40-50 dB HL. Subjective tinnitus is a perception of sound with-
out detectable corresponding source. It is most often seen in patients with hearing loss. It is also frequently seen in
patients with head injuries. Studies have suggested that the prevalence of spontaneous otoacoustic emis-
sions(SOAEs) is lower in patients with hearing loss and tinnitus than in normal population. There have also been
reports on association between tinnitus and SOAEs of unusually high amplitudes, which can be controlled by aspi-
rin administration. The current paper is a preliminary review of clinical data collected from a group of tinnitus pa-
tients in an attempt to elucidate on the relationship between SOAEs and tinnitus from a clinical point of view. Au-
diometric, tinnitus and SOAE data from 59 patients seen at the Oregon Health & Science University Tinnitus Clin-
ic were retrospectively studied. Fifty-four of these 59 patients showed sensorineural hearing loss of various de-
grees at the time of evaluation, mostly affecting high frequencies. SOAEs were detected in 26 ears (22%) of 18 pa-
tients(30.5%). There was no difference in SOAE prevalence between male and female patients. SOAEs were re-
corded in four of the five patients whose pure tone thresholds were within normal limits up to 8000 Hz. SOAEs ap-
peared to be recorded at a higher rate in patients whose tinnitus started following motor vehicle accidents or head
injuries(5/10) than in other patients. Time course of tinnitus did not appear to affect SOAE detection rate. There
were no correlations between SOAE frequency and matched tinnitus pitch or frequency of maximum hearing loss.
Significance of these findings is discussed.
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Introduction
Otoacoustic emissions(OAEs) are believed to be
the products of active cochlear mechanics. The activity
process in the cochlea is important for hearing sensitivi-
ty, fine-tuning and maybe self-protection. Compromise
of this process is usually accompanied by hearing loss,
auditory distortion and often tinnitus. It is now general-
ly agreed that OAEs are associated with relatively in-
tact outer hair cell function. The relations between the
central and peripheral auditory systems can be com-
plex. Activities in the cochlea, including processes that
generate OAEs, are regulated and modulated by the
central nervous system via efferent pathways. When
hearing loss is a result of insult to the cochlea, OAEs
usually decrease or become undetectable when hearing
loss exceeds 40-50 dB HL.
Subjective tinnitus is a perception of sound with-
out detectable corresponding source. While tinnitus
may have a wide variety of etiologies, it is most often
seen in patients with hearing loss. It is also frequently
seen in patients with head injuries and other disorders
affecting the brain. Tinnitus is now understood to be
false or phantom auditory perception related to disrupt-
ed brain activity along the auditory pathway and relat-
ed structures as a result of peripheral or central audito-
ry dysfunction. Studies have suggested that the preva-
lence of spontaneous otoacoustic emissions (SOAEs) is
lower in patients with hearing loss and tinnitus than in
normal population (Moulin et al, 1991). This is consis-
tent with the notion that the majority of tinnitus cases
are related to dysfunction of the cochlea and that integ-
rity of active cochlear process is an important part of
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Figure 1. SOAE frequencies, matched tinnitus pitches and maximum hearing loss frequencies.
Matched tinnitus pitch and maximum hearing loss frequency are partially overlapped, while most
of SOAE frequencies are lower. Note that no frequencies higher than 8000 Hz are tested in standard
hearing test, whereas higher frequencies are included in pitch matching.
normal auditory function. There have also been reports
on association between tinnitus and SOAEs of unusual-
ly high amplitudes, which can be controlled by aspirin
administration (Penner, 1989; Penner, 1992; Penner,
1994; Fritsch et al, 2001). This type of tinnitus is rela-
tively rare and is considered directly caused by disrup-
tion of the mechanical process in the cochlea. Under-
standing of the relations between tinnitus and OAEs
may help provide insight into mechanisms of tinnitus
generation and its connection to cochlear functions.
The current paper reviews audiometric and SOAE
data from a group of tinnitus patients in an attempt to
study the relationship between SOAEs and tinnitus
from a clinical point of view.
Materials and methods
This is a retrospective case series study of patient
data collected at a dedicated tinnitus clinic in a univer-
sity medical center. Audiometric, tinnitus and SOAE
data from 59 patients seen at the Oregon Health & Sci-
ence University Tinnitus Clinic were reviewed. Audio-
metric data were obtained with a GSI-10 audiometer
(Grason-Stadler, Inc., Littleton, MA, USA), by a certi-
fied audiologist, following standard testing procedures.
The same audiologist performed tinnitus evalua-
tion using a custom-made system that allows detailed
pitch and loudness matching. OAE testing was conduct-
ed on the Virtual Model 330 Otoacoustic Emissions
Test Instrument(Virtual Corporation, Portland, OR,
USA). Averaged sound spectra of the ear canal were ex-
amined for the presence of SOAEs. SOAEs were de-
fined as spectral peaks that were at least 6 dB above ad-
jacent noise floor.
Using Pearson’s correlation test, correlation coef-
ficients were calculated to evaluate relations between
maximum hearing loss frequency and SOAE frequen-
cy, and between matched tinnitus pitch and SOAE fre-
quency.
Results
Patient Data: The mean age of the 59 tinnitus pa-
tients was 52.7 years, ranging from 26 to 83 years with
a mode at 44 and a median at 52 years. There were 29
females and 30 males in this group. Fifteen patients
(25.4% ) complained of unilateral left side tinnitus
while only 6 patients(10.2% ) reported unilateral right
side tinnitus. The rest patients reported experiencing bi-
lateral tinnitus, sometimes louder on one side than the
other, or tinnitus in the head. No definite etiologies
could be identified in 27 of the 59 patients. Motor vehi-
cle accident and/or head/neck injuries were reported to
be the cause of tinnitus in 10 patients. Other reported
etiologies include noise exposure, stress, viral infec-
tions, sudden sensorineural hearing loss, flu shots, use
of non-steroid anti-inflammatory drugs, Meniere’s dis-
ease, perilymphatic fistula and“ear infection”.
Tinnitus: The mean pitch match in this group of
patients was 7218.41 Hz, with both the median and
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mode at 8000 Hz. The mean matched pitch was close
to mean frequency of maximum threshold elevation in
patients with hearing loss (see below), although a statis-
tically significant correlation could not be established
(correlation coefficient = 0.07).
Hearing Loss: Fifty-four of the 59 patients
(91.5% ) showed sensorineural hearing loss of various
degrees at the time of evaluation. The mean frequency
at maximum threshold elevation in hearing loss pa-
tients was 6111.65 Hz, with the median at 6000 Hz and
the mode at 8000 Hz, representing high frequency hear-
ing loss in most of these patients(Figure 1). Average air
conduction thresholds were less than 30 dB HL for fre-
quencies at 2000 Hz or lower (Figure 2).
SOAEs: A total of 55 SOAEs were detected in 26
ears(22%) of 18 patients(30.5%). Ten of the 18 patients
with recordable SOAEs were female. SOAEs were
present in both ears in 8 of the 18 patients, in the right
ear only in 8 patients and in the left ear only in the rest
2 patients. The mean SOAE frequency was 1757.76
Hz, with the median at 1500 Hz and the mode at 1200
Hz. These were noticeably lower than matched tinnitus
pitches and maximum hearing loss frequencies (see
Figure 1). There was no difference in SOAE preva-
lence between male and female patients.
SOAEs were recorded in 4 of the 5 patients whose
pure tone thresholds were within normal limits (25 dB
HL or better) up to 8000 Hz. Seven ears in 5 of the 10
patients whose tinnitus started following motor vehicle
accidents or head/neck injuries demonstrated record-
able SOAEs. These two groups showed seemingly
higher SOAE prevalence than the overall patient group
studied here.
There were no correlations between SOAE fre-
quency and matched tinnitus pitch or frequency of max-
imum hearing loss (correlation coefficients: -0.11
and -0.17 respectively). Time course of tinnitus did not
appear to affect SOAE detection rate (see Table 1).
Discussion
SOAEs have been reported to be present in about
Reported Duration of Tinnitus
Up to 6 Months
7 Months－5 Years

















Table1. Tinnitus time course and SOAE prevalence
Figure 2. Grand averages of air conduction hearing thresholds of the 59 patients
(bold lines) and of patients who relate their tinnitus to head/neck injuries(fine
lines). The differences in thresholds at high frequencies are statistically significant
(p＜0.0001).
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30 to 70% of normal hearing human subjects (Cian-
frone and Mattia, 1986; Burns et al, 1992; Kok et al,
1993). SOAE prevalence is generally higher in infants
than in adults (Bonfils et al, 1992; Burns et al, 1992;
Kok et al, 1993). There appears to be a gender differ-
ence in SOAE prevalence, with females showing high-
er rate of SOAE detection than males (Bilger et al,
1990; Moulin et al, 1993). Higher SOAE rates have al-
so been reported in the right ear than left (Bilger et al,
1990; Khalfa et al, 1997). SOAE prevalence is lower
in patients with hearing loss than in normal hearing
population (Moulin et al, 1991). Frequencies of
SOAEs in human are in the range of 900 to 4000 Hz.
Infants tend to show higher frequency SOAEs than
adults (Cianfrone and Mattia, 1986; Brown et al, 1990;
Burns et al, 1992; Kok et al, 1993). Reported SOAE
levels are between -2 to 40 dB SPL in normal hearing
subjects, mostly less than 10 dB SPL with infants again
showing higher levels than adults (Burns et al, 1992;
Kok et al, 1993). SOAEs are more commonly recorded
in younger people than older people (Bonfils, 1989).
Soon after the discovery of otoacoustic emissions,
relations between SOAEs and tinnitus were examined
(Wilson, 1980; Kemp, 1981). SOAEs directly responsi-
ble for bothersome tinnitus have been reported in rare
cases, which tend to be of unusually high amplitudes
and can be suppressed by administration of aspirin in
some cases, resulting in relief of tinnitus (Penner,
1989; Penner, 1992; Penner, 1994; Fritsch et al, 2001).
It is estimated that SOAEs are at least partially respon-
sible in 1.11 to 12% of people with tinnitus (Penner,
1990; Norton et al, 1990). Co-variation of otoacoustic
emissions and tinnitus has also been reported in re-
sponse to acoustic stimulation and lidocaine injection
(Plinkert et al, 1990; Haginomori et al, 1995), suggest-
ing some form of link between tinnitus and cochlear
mechanics at least in some of tinnitus patients.
The current patient group represents an essentially
middle aged or older tinnitus population. Hearing loss
is present in the majority of patients in this group (54/
59). The hearing loss is overall mild to moderate and
affects mostly high frequencies(Figure 2). The SOAE
prevalence in this tinnitus group at 30.5% is somewhat
higher than the 18.25% prevalence reported for hearing
loss patients (Moulin et al, 1991). This is interesting,
given the prevalence of hearing loss and the average
age of the group. The higher SOAE prevalence in this
group may be related to somewhat less severe hearing
loss than the group of patients reported in Moulin’s
study. Many other aspects of tinnitus and SOAEs in
this group, such as frequency and side preponderance,
correspond well with previous reports for“normal hear-
ing”population. However, there is no significant gen-
der preference in this group. The overall SOAE charac-
ters put this group somewhere between normal hearing
population and hearing loss patients.
Four of the 5“normal hearing”patients in this
group demonstrated recordable SOAEs, showing a
higher prevalence rate than the group as a whole. This
is likely an indication that presence of SOAEs relies on
relative normality of the auditory system.
SOAEs were recorded in nearly half of the pa-
tients whose tinnitus is related to motor vehicle acci-
dent and/or head/neck injuries(5/11). While this is low-
er than the 100% prevalence reported previously in a
study of head injury related tinnitus patients (Ceranic
et al, 1998a, b), it is nonetheless higher than the group’
s overall SOAE prevalence rate at 30.5% . This may
suggest that tinnitus mechanisms in head/neck injury
patients are different from hearing loss patients.
While the mean frequencies of maximum hearing
loss and matched tinnitus pitch were very similar in this
group of patients, suggesting possible connection be-
tween hearing damage and tinnitus, frequencies of
SOAEs were generally much lower and demonstrated
no correlation to either maximum hearing loss frequen-
cies or matched tinnitus pitch. This is an indication that
while tinnitus and hearing loss may result from com-
mon abnormalities of the auditory system, presence of
SOAEs depends upon relatively normal cochlear func-
tioning.
SOAE detection rates were very similar among
subgroups of patients with different tinnitus durations.
It appears that presence of SOAE is not influenced by
the time course but rather the severity of auditory pa-
thologies.
Summary
This is a preliminary report on audiometric and
SOAE data in a group of middle aged or older tinnitus
patients. About 1/3 of the patients showed SOAEs.
SOAE detection rates in patients with“normal hear-
ing”and in patients whose tinnitus was related to head/
neck injury were higher than that of the whole group.
SOAE frequencies in this group of patients were simi-
lar to those in normal hearing population and signifi-
cantly lower than maximum hearing loss frequencies
and matched tinnitus pitches, with the latter two dem-
onstrating some degree of overlap. The data seem to in-
dicate that SOAEs are more likely to be present in pa-
tients with tinnitus as their primary complaint than
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those with hearing loss as the primary complaint, and
that these SOAEs are similar to those observed in nor-
mal hearing population and depend on relatively nor-
mal cochlear mechanisms.
References
1 Bilger RC, Matthies ML, Hammel DR, Demorest ME. Genet-
ic implications of gender differences in the prevalence of sponta-
neous otoacoustic emissions. Journal of Speech & Hear Res,
1990, 33(3): 418-32 .
2 Bonfils P. Spontaneous otoacoustic emissions: clinical inter-
est. Laryngoscope, 1989, 99(7 Pt 1): 752-756.
3 Bonfils P, Francois M, Avan P, Londero A, Trotoux J. Narcy
P. Spontaneous and evoked otoacoustic emissions in preterm neo-
nates. Laryngoscope, 1992, 102(2): 182-186.
4 Brown AM, Woodward S, Gaskill SA. Frequency variation in
spontaneous sound emissions from guinea pig and human ears.
European Arch Oto-Rhino-Laryngol, 1990, 247(1): 24-28.
5 Burns EM, Arehart KH, Campbell SL. Prevalence of sponta-
neous otoacoustic emissions in neonates. J Acoust Soc Am,
1992, 91(3):1571-1575.
6 Ceranic BJ, Prasher DK, Luxon LM. Presence of tinnitus indi-
cated by variable spontaneous otoacoustic emissions. Audio Neu-
ro-Oto, 1998, 3(5):332-344.
7 Ceranic BJ, Prasher DK, Raglan E. Luxon LM. Tinnitus after
head injury: evidence from otoacoustic emissions. Journal of
Neurol Neurosurg Psychiatry. 1998, 65(4):523-529.
8 Cianfrone G, Mattia M. Spontaneous otoacoustic emissions
from normal human ears. Preliminary report. Scand Audio Sup-
pl, 1986, 25:121-127.
9 Fritsch MH, Wynne MK, Matt BH, Smith WL. Smith CM.
Objective tinnitus in children. Otol Neurotol, 2001, 22(5):
644-649.
10 Haginomori S, Makimoto K, Araki M, Kawakami M, Taka-
hashi H. Effect of lidocaine injection of EOAE in patients with
tinnitus. Acta Oto-Laryngol, 1995, 115(4): 488-492.
11 Khalfa S. Morlet T. Micheyl C. Morgon A. Collet L. Evi-
dence of peripheral hearing asymmetry in humans: clinical impli-
cations. Acta Oto-Laryngol, 1997, 117(2):192-196.
12 Kok MR, van Zanten GA, Brocaar MP. Aspects of sponta-
neous otoacoustic emissions in healthy newborns. Hear Res,
1993, 69(1-2):115-123.
13 Moulin A, Collet L, Delli D, Morgon A. Spontaneous oto-
acoustic emissions and sensori-neural hearing loss. Acta Oto-Lar-
yngol, 1991, 111(5):835-841.
14 Moulin A, Collet L. Veuillet E, Morgon A. Interrelations be-
tween transiently evoked otoacoustic emissions, spontaneous oto-
acoustic emissions and acoustic distortion products in normally
hearing subjects. Hear Res, 1993, 65(1-2):216-233.
15 Norton SJ, Schmidt AR, Stover LJ. Tinnitus and otoacoustic
emissions: is there a link? Ear Hear, 1990, 11(2):159-166.
16 Penner MJ. Aspirin abolishes tinnitus caused by spontane-
ous otoacoustic emissions. A case study. Arch Otolaryngol Head
Neck Surg, 1989, 115(7): 871-875 .
17 Penner MJ. Coles RR. Indications for aspirin as a palliative
for tinnitus caused by SOAEs: a case study. Brit J Audio.1992, 26
(2):91-96.
18 Penner MJ. An estimate of the prevalence of tinnitus caused
by spontaneous otoacoustic emissions. Arch of Otolaryngol Head
Neck Surg, 1990, 116(4): 418-423.
19 Penner MJ, Glotzbach L. Covariation of tinnitus pitch and
the associated emission: a case study. Otolaryngol Head Neck
Surg, 1994, 110(3):304-309.
20 Plinkert PK. Gitter AH. Zenner HP. Tinnitus associated
spontaneous otoacoustic emissions. Active outer hair cell move-
ments as common origin? Acta Oto-Laryngol, 1990, 110(5-6):
342-347.
··39
